DIFFERENTIAL AMPLIFIER, SEMICONDUCTOR DEVICE, 
POWER SUPPLY CIRCUIT AND ELECTRONIC EQUIPMENT USING THE SAME 

Japanese patent application No . 2000 - 98918 , filed on 
5 March 31, 2000, is hereby incorporated by reference in its 
entirety. 

Technical Field 

The present invention relates to a differential amplifier 
10 having two sets of differential amplifying circuits, a 
semiconductor device, a power supply circuit, and electronic 
equipment using the same. 

Background 

15 A known differential amplifier is shown in Fig. 7, which 

device has two, first and second differential amplifier 
circuits 200, 210 . The first and second differential amplifier 
circuits 200, 210 are designed to receive first and second input 
voltages V IK1 , V IN2 with an offset therebetween as set at a 

20 resistive voltage divider circuit 220 . A P- type MOS transistor 
202 is provided at the rear stage of the first differential 
amplifier circuit 200, which transistor is driven by a first 
signal SI coming from the first differential amplifier circuit 
200. Similarly an N-type MOS transistor 212 is provided at the 

25 rear stage of the second differential amplifier circuit 210, 
which transistor is driven by a second signal S2 from the second 
differential amplifier circuit 210. These PMOS transistor 202 
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and NMOS transistor 212 are operable to pull together thus 
defining an output voltage V 0UT . 

In this way, in the above mentioned differential amplifier, 
a specified output voltage V 0UT is generated and issued by 
providing the offset to input voltages. 

SUMMARY 

A differential amplifier as one embodiment comprises: 
a first differential amplifier circuit having a first 

differential pair and operating based on a common input voltage; 

and 

a second differential amplifier circuit having a second 
differential pair and operating based on the common input 
voltage, 

wherein at least one of the first differential pair and 
the second differential pair is formed from a pair of 
transistors having a driving ability difference therebetween. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram schematically showing a circuit 
configuration of a differential amplifier in accordance with 
a first embodiment of the present invention; 

Fig. 2 is a detailed circuit diagram of the differential 
amplifier shown in Fig. 2; 

Fig. 3 is a diagram for explanation of an output voltage 
V 0UT of the differential amplifier shown in Fig. 2; 

Fig. 4 is a schematic explanation diagram of a liquid 



crystal display device in accordance with a third embodiment 
of the invention; 

Fig. 5 is a waveform diagram showing drive waveforms of 
the liquid crystal display device shown in Fig. 4; 
5 Fig. 6 is a circuit diagram of a power supply circuit for 

use in the liquid crystal display device shown in Fig. 4; 

Fig. 7 is a circuit diagram of a differential amplifier 
with two types of voltages being input thereto; 

Fig. 8 is an explanation diagram of an output voltage V 0UT 
10 of the device shown in Fig. 7; and 

Fig. 9 is a waveform diagram showing different application 
voltage waveforms for equalization of respective root-mean- 
square values of voltages as applied to a liquid crystal 
material . 

15 

DETAILED DESCRIPTION 
In case the value of a power supply voltage V DD as applied 
to the resistance divider circuit 220 shown in Fig. 7 is modified, 
the significance of such offset between the first and second 
20 input voltages V IN1 , V IN2 changes accordingly. One example is 
that while the offset is set at 0.1 V when the power supply 
voltage V DD is at 5V, the offset becomes 0.2V when power supply 
voltage V DD is increased to 10V, wherein the latter value is 
two times greater than the former. Adversely, when the power 
25 supply voltage V DD is increased at 2.5V, the offset becomes the 
half value, 0.05V. 

Note here that the smaller the offset between the first 
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and second input voltages V IN1 , V IM , the greater the current 
flowing in the PMOS transistor 2 02 and NMOS transistor 212 shown 
in Fig. 7, resulting in a likewise increase in current 
consumption. Accordingly, the above mentioned device shown in 
Fig. 7 is encountered with a problem that its power consumption 
or dissipation increases when the power supply voltage V DD stays 
low in potential. On the other hand, the offset gets larger 
when the power supply voltage V DD stays potentially high; thus, 
a demerit might occur as to unwanted increases in amplitude of 
an output voltage shown in Fig. 8. 

Due to this, the above mentioned differential amplifier 
shown in Fig. 7 suffers from its inherent limit to the range 
for modification of the power supply voltage V DD , which leads 
to occurrence of a problem that the application flexibility or 
applicability is low. 

It is therefore an objective of the present invention to 
provide a differential amplifier, a semiconductor device, and 
power supply circuit capable of generating a specified output 
voltage without having to provide any offset between input 
voltages, along with electronic equipment employing the same. 

It is another objective of the present invention to provide 
a differential amplifier, semiconductor device, and power 
supply circuit high in applicability capable of suppressing 
both power consumption increases and output voltage amplitude 
increases even if power supply voltage is modified. 

A differential amplifier as one embodiment comprises: 
a first differential amplifier circuit having a first 



differential pair and operating based on a common input voltage; 
and 

a second differential amplifier circuit having a second 
differential pair and operating based on the common input 
5 voltage, 

wherein at least one of the first differential pair and 
the second differential pair is formed from a pair of 
transistors having a driving ability difference therebetween. 
In accordance with this embodiment, providing a driving 

10 ability difference between a pair of transistors forming a 
differential pair makes it possible to provide an offset between 
output voltages of the first and second differential amplifier 
circuits while at the same time making input voltages equal in 
potential, resulting in achievement of the intended operation 

15 similar to that when an offset is provided between the input 
voltages . 

The differential amplifier in accordance with this 
embodiment, may further comprise: 

a first current mirror circuit provided in the first 
20 differential amplifier circuit and formed from a first 
transistor of a primary conductive type and a second transistor 
of the primary conductive type; 

a second current mirror circuit provided in the second 
differential amplifier circuit and formed from a first 
25 transistor of a secondary conductive type and a second 
transistor of the secondary conductive type; 

a third transistor of the primary conductive type which 
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operates based on a first signal from the first differential 
amplifier; and 

a third transistor of the secondary conductive type 
connected in series to the third transistor of the primary 
conductive type and operating based on a second signal from the 
second differential amplifier circuit, and 

a voltage between the third transistor of the primary 
conductive type and the third transistor of the secondary 
conductive type may be an output voltage. 

At this time, the first differential amplifier circuit may 
include : 

a fourth transistor of the secondary conductive type 
connected in series to the first transistor of the primary 
conductive type; and 

a fifth transistor of the secondary conductive type 
connected in series to the second transistor of the primary 
conductive type and having a driving ability different from the 
fourth transistor of the secondary conductive type, and 

the fourth transistor of the secondary conductive type and 
the fifth transistor of the secondary conductive type may form 
the first differential pair. 

In the first differential amplifier circuit thus arranged, 
the fourth and fifth transistors of the secondary conductive 
types have a driving ability difference therebetween. Due to 
this, without having to provide any offset between the input 
voltages of the first and second differential amplifier 
circuits, it is possible to permit the first differential 



amplifier circuit to generate an output voltage with an offset 
with respect to an output voltage from the second differential 
amplifier circuit having no driving ability differences between 
the differential pair constituting transistors, resulting in 
5 achievement of the intended operability similar to that in case 
where an offset is present between the input voltages. 

Another advantage is that the absence of any offset between 
the input voltages ensures avoidance of the above -noted 
problems faced with the related art caused by possible offset 
10 deviation between the input voltages even upon modification of 
the power supply voltage of a circuit which sets up input 
vol tages . 

In the first differential amplifier circuit, a driving 
ability of the fifth transistor of the secondary conductive type 

15 may be set to be greater than a driving ability of the fourth 
transistor of the secondary conductive type. 

Furthermore, the second differential amplifier circuit 
may includes : a fourth transistor of the primary conductive type 
connected in series to the first transistor of the secondary 

20 conductive type; and a fifth transistor of the primary 
conductive type connected in series to the second transistor 
of the secondary conductive type and having a driving ability 
different from the fourth transistor of the primary conductive 
type, and the fourth transistor of the primary conductive type 

25 and the fifth transistor of the primary conductive type may form 
the second differential pair. In this configuration, it may 
be possible to generate an offset between output voltages of 
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the first and second differential amplifier circuits. 

With the second differential amplifier circuit in the 
above configuration, a driving ability of the fifth transistor 
of the primary conductive type may be set to be greater than 
a driving ability of the fourth transistor of the primary 
conductive type. 

In order to provide the driving ability difference between 
the transistors, sizes may be changed. The greater the channel 
width, the greater the driving ability. The greater the channel 
length, the smaller the driving ability. 

In accordance with another embodiment, it is possible to 
provide a semiconductor device in the form of single chip at 
least including the above-stated differential amplifier. 

It is also possible to provide a power supply circuit which 
includes at least one such differential amplifier. It is 
further possible to provide electronic equipment including such 
power supply circuit. 

Embodiments of the present invention will now be set forth 
in detail with reference to the accompanying drawings. 

First Embodiment 

An arrangement and operation of a differential amplifier 
in accordance with one embodiment of the present invention will 
be explained with reference to Figs. 1 to 4 . 

Arrangement of differential amplifier 

Referring to Fig. 1, there is shown a circuit configuration 
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of the differential amplifier in accordance with the embodiment . 
This differential amplifier is arranged to have a first 
differential amplifier circuit 10 of the voltage follower type 
which is operable based on a common input voltage V IS and a second 
5 differential amplifier circuit 30 of the voltage follower type 
operable based on the common input voltage V IK . 

As shown in Fig . 2 the first differential amplifier circuit 
10 includes a MOS transistor 12 of the primary conductive type 
which is for example P-type (first P-type transistor) and a 

10 P-type MOS transistor (second P-type transistor) 14 that 
constitutes a current mirror circuit together with the P-type 
MOS transistor 12. These PMOS transistors 12, 14 are the same 
both in size and in driving ability as each other, thus making 
up a first current mirror circuit. One example is that the PMOS 

15 transistors 12, 14 each measure 50 Mm in channel width w and 
7 Mm in channel length L . 

The second differential amplifier circuit 30 includes a 
MOS transistor 32 of the secondary conductive type which is for 
example N-type (first N-type transistor) and an N-type MOS 

20 transistor (second N- type transistor) 34 that makes up a current 
mirror circuit together with the N-type MOS transistor 32. 
These NMOS transistors 32, 34 also are the same in size and 
driving ability as each other to thereby form a second current 
mirror circuit. For instance, the NMOS transistors 32, 34 each 

25 measure 25 Mm in channel width W and 7 Mm in channel length L. 

The first differential amplifier circuit 10 further has 
an N-type MOS transistor 16 (fourth N-type transistor) which 



9 



is connected in series to the PMOS transistor 12 between power 
supply voltages V DD , V ss/ and an N-type MOS transistor 18 (fifth 
N-type transistor) which is connected in series to the PMOS 
transistor 14 between the power supply voltages V DD/ V ss . 
Additionally these NMOS transistors 16, 18 are connected 
through a constant current source 20 to the power supply voltage 
V ss . 

The NMOS transistors 16, 18 constitute a first 
differential pair having a driving ability difference between 
each of the transistors due to a size difference. One example 
is that while the NMOS transistors 16, 18 have the equal channel 
length L of 7 Mm, the channel width W of NMOS transistor 16 is 
25 Mm whereas the channel width W of NMOS transistor 18 is 28 
Mm. Thus the NMOS transistor 18 is greater in driving ability 
than NMOS transistor 16 . In order to cause the driving ability 
of NMOS transistor 18 to be greater than that of the NMOS 
transistor 16, the gate length of NMOS transistor 18 may be made 
smaller than that of NMOS transistor 16. 

Similarly the second differential amplifier circuit 30 has 
a P-type MOS transistor 36 (fourth P-type transistor) as 
connected in series to the NMOS transistor 32 between the power 
supply voltages V DD , V ss , and a P-type MOS transistor 38 (fifth 
P-type transistor) which is series - connected to the NMOS 
transistor 34 between the power supply voltages V DD , V ss . Note 
that PMOS transistors 36, 38 are connected via a constant 
current source 40 to the power supply voltage V DD . 

These PMOS transistors 36, 38 are different in size and 
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driving ability from each other so that these make up a second 
differential pair. One example is that while the PMOS 
transistors 36, 3 8 have the equal channel length L of 7 Mm, the 
channel width W of PMOS transistor 36 is 50 Mm whereas the channel 
5 width W of PMOS transistor 18 is 55 Mm. Thus, the PMOS 
transistor 38 is greater in driving ability than PMOS transistor 
36 . To make the driving ability of PMOS transistor 38 be greater 
than that of the PMOS transistor 36, the gate length of PMOS 
transistor 3 8 may be made smaller than that of PMOS transistor 
10 36, 

As shown in Figs. 1 and 2, there are provided a P-type MOS 
transistor (third P-type transistor) 50 operable based on a 
first signal S x from the first differential amplifier 10 and 
an N-type MOS transistor (third N-type transistor) 52 operable 
15 based on a second signal S 2 from the second differential 
amplifier 30. 

These PMOS transistor 50 and NMOS transistor 52 are 
connected in series together between the power supply voltages 
v dd' v ss causing a voltage between PMOS transistor 50 and NMOS 
20 transistor 52 to become an output voltage V 0UT of this 
differential amplifier . 

Additionally as shown in Pig. 2, the first and second 
amplifier circuits 10, 30 are provided with oscillation 
prevention capacitors CI, C2 and static electricity protection 
25 resistors Rl, R2 . 

Operation of differential amplifier 



11 



As shown in Fig. 7, an output voltage V 0UT of the 
differential amplifier operating based on first and second 
input voltages V IN1 , V IN2 becomes a voltage which is stable at 
an intermediate voltage (V IW1 - V Iir2 ) /2 in the stable state or, 
alternatively, a voltage that varies or "swings" between the 
voltage V IH1 and voltage V Iir2 with the intermediate voltage being 
as a boundary as shown in Fig. 8. 

The differential amplifier of this embodiment is such that 
while letting the common input voltage V IN be input to the first 
and second differential amplifier circuit 10, 30, driving 
ability differences are provided between the two transistors 
16, 18 and between transistors 36, 38, which make up the 
differential pairs of the first and second differential 
amplifier circuits 10, 30. Whereby, the first differential 
amplifier circuit 10 side operates causing a first output 
voltage V 0UT1 to become the output voltage V 0UT whereas the second 
differential amplifier circuit 30 side operates causing a 
second output voltage V OUT2 to become the output voltage V OUT . 

Actually, since output lines of the first and second 
differential amplifier circuits 10, 30 are electrically shorted, 
the output voltage V 0UT of the differential amplifier becomes 
a voltage that is potentially stabilized at its intermediate 
voltage |V 0UT1 - V OUT2 l/2 (same as the input voltage V IN ) or 
alternatively a voltage that varies or swings between the first 
output voltage V 0UT1 and second output voltage V 0UT2 with the 
intermediate voltage being as a boundary as shown in Fig. 3. 

In this way, according to the differential amplifier of 
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this embodiment, it is possible to obtain the intended output 
similar to that of the traditional differential amplifier with 
two kinds of input voltage being input thereto, while at the 
same time permitting the common input voltage to be input to 
5 the first and second differential amplifier circuits 10, 30. 

Here, in the first differential amplifier circuit 10, a 
gate voltage of the P-type transistor 50 is controlled in such 
a way as to derive an output voltage V 0UT1 which is lower in 
potential than the input voltage V IH . At the first differential 

10 amplifier circuit 30, a gate voltage of the N-type transistor 
52 is controlled in such a way as to output an output voltage 
V OUT2 which is higher than the input voltage V IN . 

Such control operation will be explained below. First, 
in the first differential amplifier circuit 10, the PMOS 

15 transistors 12, 14 constituting the current mirror circuit are 
the same in driving ability as each other so that currents 
flowing in NMOS transistors 16, 18 become the same as each other 
when the first differential amplifier circuit 10 is made stable. 
Supposing here that the two NMOS transistors 16, 18 are 

20 the same in driving ability as each other, an output voltage 
of the first differential amplifier circuit 10 at this time is 
equal to the input voltage V IN . Let the gate potential of the 
PMOS transistor 50 in this event be VI, 

With this embodiment, there is a driving ability 

25 difference between the two NMOS transistors 16, 18, wherein the 
driving ability of NMOS transistor 18 is higher than that of 
NMOS transistor 16. 
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Accordingly, in the event that the same current flows in 
the NMOS transistors 16, 18, a voltage between the gate and 
source (gate-source voltage) of the NMOS transistor 18 is 
advantageously lower a gate -source voltage of the NMOS 
5 transistor 16. 

Due to this, unless the outputs of the first and second 
differential amplifier circuits 10 , 3 0 are electrically shorted 
together, the output voltage V 0UT1 of the first differential 
amplifier circuit 10 becomes lower than the input voltage V 1N . 

10 Actually, however, the outputs of the first and second 

differential amplifier circuits 10, 30 are shorted together; 
thus, the gate- source voltages of the NMOS transistors 16, 18 
become equal to each other in the stable state in which the same 
current flow in the NMOS transistors 16, 18. At this time the 

15 same current flows in the NMOS transistors 16, 18 irrespective 
of the fact that the NMOS transistor 18 has its driving ability 
to flow therein an increased amount of current. Due to this, 
the gate potentials of PMOS transistors 12, 14 become lower than 
the above-noted gate potential VI, resulting in the gate 

20 potential of PMOS transistor 50 becoming potentially higher 
than the aforesaid potential VI. 

Thus the gate-source voltage of the PMOS transistor 50 
becomes lower causing a current flowing in PMOS transistor 50 
to decrease resulting in achievement of low consumption. 

25 On the other hand, in the second differential amplifier 

circuit 30 also, due to the same reason, the gate- source voltage 
of the NMOS transistor 52 gets lower causing a current flowing 
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in NMOS transistor 52 to decrease, which results in achievement 
of low consumption. As a result, it is possible to lessen any 
current flowing from the power supply voltage V DD via the PMOS 
transistor 50 and NMOS transistor 52 toward the power supply 
5 voltage V ss side. 

From the foregoing, it is possible in this embodiment to 
output the same voltage as the output voltage v 0UT of the 
differential amplifier shown in Fig. 7 without having to offset 
input voltages while simultaneously enabling accomplishment of 
10 low power consumption. 



Second Embodiment 

In this second embodiment a differential pair is formed 
of the PMOS transistors 36, 3 8 in a manner such that a driving 

15 ability difference is provided only between the NMOS transistor 
16 and NMOS transistor 18 of the first differential amplifier 
circuit 10 while eliminating provision of any driving ability 
difference between the PMOS transistor 3 6 and PMOS transistor 
38 of the second differential amplifier circuit 30. 

20 in this case, although a voltage of 4V is obtained as the 

output voltage V 0UT2 of the second differential amplifier circuit 
3 0 when letting the input voltage V IN be 4V by way of example, 
a voltage lower than 4V is obtained as the output voltage V 0UT1 
of the first differential amplifier circuit 10 due to the fact 

25 that the NMOS transistor 18 is greater in driving ability than 
the NMOS transistor 16 , thereby enabling obtainment of an offset 
between the output voltages V OUT1 , V 0UT2 in a way similar to that 
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in the first and second embodiments. 

Adversely it may also be possible to provide a driving 
ability difference only between the PMOS transistor 36 and PMOS 
transistor 38 of the second differential amplifier circuit 20 
5 without providing any driving ability difference between the 
NMOS transistor 16 and NMOS transistor 18 of the first 
differential amplifier circuit 10. 

Third Embodiment 
10 An explanation will next be given of a power supply circuit 

of a liquid crystal display device in accordance with a third 
embodiment of the present invention with reference to Figs. 4 
to 6 . 

15 Arrangement and operation of LCD device 

Fig. 4 shows a configuration of main part of the liquid 
crystal display device. In Fig. 4, a liquid crystal display 
section, e.g. simple matrix type liquid crystal display section 
100, is arranged to include a first substrate with common 

20 electrodes CO to Cm formed thereon, a second substrate with 
segment electrodes SO to Sn formed thereon, and a layer of liquid 
crystal material as sealed and interposed between the first and 
second substrates. A single one of the common electrodes and 
one of the segment electrodes cross over each other at an 

25 intersection, which becomes a display picture element or 
"pixel . *' The liquid crystal display section 100 has a 
prespecified number of pixels, which is given as (m + 1) x (n 
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+ 1) . 

Note that the liquid crystal display device in accordance 
with the second embodiment may also employ other liquid crystal 
display sections such as an active-matrix liquid crystal 
display device or else in place of the simple-matrix liquid 
crystal display section 100. 

The common electrodes CO to Cm are connected with a common 
driver 102 whereas the segment electrodes SO to Sn are with a 
segment driver 104. These common driver 102 and segment driver 
104 receive specified voltages as supplied from a power supply 
circuit 106 for selectively supplying, based on signals from 
a drive control circuit 108, such specified voltages to the 
common electrodes CO to Cm or segment electrodes SO to Sn. 

Here, there is shown in Fig. 5 one example of drive 
waveforms within a frame period for selection of a common 
electrode C3 of the liquid crystal display section 100 shown 
in Fig . 4 . 

In Fig. 5, bold line is used to designate a drive waveform 
as supplied from the common driver 102 to respective common 
electrodes CO to Cm whereas thin line indicates a drive waveform 
being supplied from the segment driver 104 to a respective one 
of the segment electrodes SO to Sn. 

As shown in Fig. 5 the drive waveform as supplied from the 
common driver 102 changes among voltages V0, VI, V4 and V5 . On 
the other hand the drive waveform supplied from the segment 
driver 104 varies among voltages V0, V2, V3 and V5 . 



Arrangement of power supply circuit 

Fig. 6 shows details of the power supply circuit 106 shown 
in Fig. 4. As shown in Fig. 6, turning any two of switches SW1 
to SW6 on makes it possible to select one of the voltages V0, 
5 VI, V4 f V5 being supplied to the common driver 102 and one of 
the voltages V0, V2 , V3 , V5 as supplied to the segment driver 
104 . 

Here, the power supply voltage V DD is used as the voltage 
V5 ; power supply voltage V ss is used as the voltage V0 ; and, 

10 the voltages V4 to VI are generated by resistive voltage 
division of a voltage (V5 minus V0) . To this end, the power 
supply circuit 106 has a resistance type potential divider 
circuit 110 and four separate differential amplifiers 120, 122, 
124, 126. The four differential amplifiers 120 to 126 receive 

15 input voltages V IN of different levels as input thereto via the 
resistance divider circuit 110 respectively and then output as 
their output voltages respective one of V4 , V3 , V2 and VI . And 
these four differential amplifiers 120 to 126 each have the 
arrangement of Fig. 2. Additionally the power supply circuit 

20 106 shown in Fig. 6 is configurable as a discrete or 
"stand-alone" component or, alternatively, into the form of a 
single chip IC with the common driver 102 and segment driver 
104 shown in Fig. 4 being integrated together. 

25 Operation of power supply circuit 

The operation of the differential amplifier as has been 
explained with reference to Fig. 2 may also be applied with no 
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substantial changes to an operation of a respective one of 
differential amplifiers 120 to 126 shown in Fig. 6, which output 
based on different single input voltages V IN the voltages VI 
to V4 as the output voltage V 0UT respectively. 

For example, when the switch SW3 of Fig. 6 turns on, an 
output line of the differential amplifier 126 is electrically 
shorted via the common driver 102 to the common electrode C3 
of the liquid crystal display section 100. At this time a 
voltage of the common electrode has been the voltage V5 due to 
polarity inversion driving as shown in Fig. 5, such shorting 
results in the output voltage V 0UT of differential amplifier 126 
potentially dropping down below the voltage VI. However, this 
output voltage V OUT is caused to potentially rise due to the 
operation of the differential amplifier and then rapidly become 
stable at the voltage VI. The remaining differential 
amplifiers 120 to 124 each operate in a similarly way to that 
discussed above, except that the input voltage V IN and output 
voltage V 0UT are different in value. 

In this way, according to the power supply circuit 106 for 
use with the liquid crystal display device in accordance with 
this embodiment, it is possible to output respective output 
voltages V 0UT (VI to V4) upon merely inputting of single-input 
voltages V IN to the differential amplifiers 120 to 126 
respectively. 

Here, comparing it with the differential amplifier shown 
in Fig. 7, in order to set the output voltage V 0UT at 4V when 
the power supply voltage V DD is at 5V in the device of Fig. 7, 



the first input voltage V IN1 is set at 3.95V while letting the 
second input voltage V IN2 be at 4.05V for example with the 
resultant offset therebetween becoming 0.1V. 

In the power supply circuit of the liquid crystal display 
device, more than one voltage required is variable depending 
upon a display capacitance (s) to be liquid crystal driven. Here, 
the duty of a segment waveform shown by thin line in Fig. 5 is 
determined in accordance with the display pixel number of the 
liquid crystal display section 100 of Fig. 4. In brief, the 
greater the display pixel number, the less the selection period 
T SEC shown in Fig. 5; if it is less then the selection period 
T SEC can be made longer. 

In either case, it is required to establish or secure equal 
effective or "net 11 values of voltages being applied to a layer 
of liquid crystal material. Accordingly, as shown in Fig. 9, 
if the selection period is made longer such as T SEC1 then it is 
possible to lower a wave height value V H1 of application voltage; 
on the contrary, if the selection period is shortened such as 
t sec2 then a wave height value V H2 of application voltage must 
be made higher. In responding thereto, the power supply voltage 
V DD need be modified. 

Here, in case the device shown in Fig. 7 is employed with 
no substantive alterations added thereto while changing its 
power supply voltage V DD from 5V to 10V, the first input voltage 
V IN1 is set at 8.9V whereas the second input voltage V 1N2 is at 
9.1V. An offset between the first and second input voltages 
v i»i* v in2 at this time becomes 0.2V, which is two times greater 



than an offset value of 0 . IV obtainable when the power supply 
voltage V DD = 5V. 

On the contrary, if the power supply voltage V DD is made 
lower than 5V then the offset between the first and second input 
voltages V IN1 , V IN2 becomes less than 0.1V. 

In this way, in case the resistance divider circuit is 
co-used with the power supply voltage V DD modified, the resultant 
offset between the first and second input voltages V IK1 , V IN2 being 
input to the differential amplifier of Fig. 7 was deviated with 
a change in power supply voltage value thereof. 

Here, the smaller the offset between the input voltages 
Vim. V IK2 , the greater the currents flowing in the PMOS transistor 
202 and NMOS transistor 212 shown in Fig. 7, resulting in an 
increase in current consumption. Thus, with the device shown 
in Fig. 7, there has been a serious problem that its consumed 
current becomes larger when the power supply voltage V DD is low 
in potential. On the other hand, since the offset increases 
when the power supply voltage V DD stays high, there is occurred 
a problem that the output voltage shown in Fig . 8 becomes greater 
in amplitude. 

In contrast, according to this embodiment, the use of a 
single input voltage V IN permits establishment of any intended 
offset between the output voltages V 0UT1 , V 0UT2 as obtained from 
the first and second differential amplifier circuits 10, 30 
owing to the presence of a difference in driving ability between 
the transistors concerned, resulting in suppression of unwanted 
offset variability. Consequently the power supply circuit 106 



in accordance with this embodiment is capable of being commonly 
used even upon modification of the power supply voltage V DD , 
thereby advantageously enabling the application flexibility or 
applicability to increase. 

5 Additionally it would readily occur to those skilled in 

the art that the above- stated differential amplifiers or power 
supply circuitry are applicable not only to electronic 
equipment including liquid crystal display devices, such as a 
variety of types of electronic equipment including but not 

10 limited to portable or "mobile" telephone handsets, game 
machines and personal computers, but also to various types of 
other electronic equipment operable upon receipt of potentially 
stable voltages supplied thereto. 
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